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SUMMARY 

By application of a hyperbolic approximation to the form of 
the how waves caused by blunt leading edges on an infinite cascade 
of supersonic blades, the approximate losses in relative total 
pressure due to the external bow-wave system arising from blunt 
edges and subsonic axial entrance velocities were computed. The 
losses increase linearly with leading-edge radius for any given 
relative Mach number. For a relative Mach number of 1.60, leading- 
edge radii may be approximately 1.5 percent of the normal blade 
gap with a 1-peroent loss of relative total pressure. 


INTRODUCTION 

In an effort to minimize the pressure losses through super- 
sonic, compressors, blade leading edges have been designed with a 
perfect wedge. On the basis of fabrication and durability, however, 
a knife edge is impractical; consequently, the leading edge must 
be given a finite thickness. The problem of estimating the losses 
associated with a given leading-edge thickness is then encountered. 

The presence of a blunt edge on blades with a subsonic axial 
velocity causes the formation of a standing wave pattern, as illus- 
trated in figure 1(a) . A detached bow wave forms in front of each 
blade, with normal shock losses occurring immediately in front of 
the blunt edge. The losses decrease along the bow wave as the dis- 
tance from the nose increases until the wave approaches a Mach wave 
and the losses become negligible. 
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An investigation was conducted at the NACA Lewie laboratory 
to estimate the approximate losses incurred through this external 
wave pattern in order to determine the practical thickness that 
may he used at the leading edge. The losses due to the contained 
wave pattern (inside the blade passage) may be computed from shock 
relations for oblique and normal shock, and are determined by the 
blade design and the properties of the flow upstream of the cascade. 

SYMBOLS 

The following symbols, are used in this report: 
b number of blades 

M* relative Mach number 

P’ relative total pressure 

r radius 

s normal distance between blades, (2nr cos 0')/b 

x coordinate measured along relative free -stream direction 

Xq distance from foremost point of detached shock to intercept 
of its asymtote on x-axis 

y coordinate measured perpendicular to relative free-stream 

direction 

0’ angle between relative flow direction and axis of rotation 
y ratio of specific heats 

cp angle between shock and free-stream direction 
Subscripts • 

0 far upstream of rotor 

1 immediately before shock 

2 immediately behind shook 

3 entrance to rotor passage 

LE leading edge 


NACA EM E9L21 


3 


SB point on leading edge vhere blade contour Is inclined at vedge 
angle corresponding to shock detachment 


ANAL13IS 

The losses that occur because of the bow-wave system can be 
expressed In terms -of the relative total pressure far upstream of 
the blades F'q and the relative total pressure P*j at the 
entrance Into the rotor passage. 

The relative-total-pressure loss of the air entering each 
passage can be considered equal to the total loss along one shock 
vave, Integrated from the blade to Infinity, vhich Is illustrated 
by figure 1(a). The flow entering the passage 0-c Is seen to 
pass through the shock wave caused by the blade at 0 between the 
points 1 and 2. The flow passes through the shock wave from the 
preceding blade between 2 * and 3 T ; this region is seen to be 
identical with the region 2-3 of the shock from 0. Similarly, 
3"-4" Is identical with 3-4, and so forth. 

Because the mass flow entering each passage suffers losses 
Identical to the loss along one shock wave from the leading edge 
to Infinity, the average relative -to t&l-pressure loss can be 
expressed as 




( 1 ) 


The coordinate y is taken perpendicular to the mean relative 
velocity at the entrance. 


The total-pressure recovery across the shock wave at any polht 
Is (reference 1) 



1 



sin 2 q>- 



1-7 


(7-1) M'j 2 sin 2 cp +2 
( 7 + 1 ) M'^ sin 2 cp 



( 2 ) 
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The evaluation of equation (1) can he simplified if the change 
in relative total pressure due to the bow-wave system is small 
through the region 2 ' -3 ' and the preceding waves (fig. 1 (a)). 

The relative Mach number before the shock may then be assumed con- 
stant, and the problem Is reduced to that of a single blunt body 
In a uniform supers onlc stream (fig. 1(b)). The x direction Is 
parallel to the entrance region of the blade. The Integration of 
equation ( 1 ) then requires only a relation between the shock 
angle <P and the coordinate y. (When the blade is considered as 
an Isolated symmetrical body, the flow is at a slight angle of 
attack, equal to half the Included wedge angle of the blade.) 

By approximating the bow wave with a hyperbola asymtotic to 
the Mach lines (reference 2), Moeckel obtained good correlation 
between observed and computed shock forms. By application of this 
hyperbolic approximation to find the shock location and inclination, 
the approximate shock losses due to the bow waves may be determined 
from equations (l) and ( 2 ). 

By following the notation of reference 2, which uses as a 
reference dimension the y -coordinate of the smile point on the 
body y SB (defined as the point on the body where the contour Is 
ino lined at the wedge angle corresponding to shock detaohment), 
the form of the wave Is expressed as 



where x/ygg is measured along the free -stream direction and 
x 0 / 7 sb 1 b a constant that locates the hyperbola with respeot to 
the leading edge and is a function only of the free -stream Mach 
number. The values of xo/Tsb as a function of are given 

In reference 2. Differentiation of equation (3) gives -the .slope 
of the shook as a function of 7 / 733 . ® len 
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The loss In relative total pressure is determined "by substi- 
tution of equations (2) and (4) in equation (l) » Integrating the 
denominator of equation (l) in terms of the reference dimension 
gives the following relation: 



-.es 


y SB 

(Zxr cospO/b 


vJO 



( 5 ) 


Inasmuch as the value of the integral is a function only of the 
relative Mach number, the losses increase linearly with yg B for any 
given relative Mach number. Because an analytical integration was 
inconvenient, a numerical integration was made. The results are shown 
In figure 2 for relative Mach numbers of 1.40, 1.60, 1.80, and 2.00. 

As a final simplification, the coordinate y^ was considered 
the leading-edge radius. For a relative Mach number of 1.60, the 
coordinate y^g is about 3 percent less than the leading-edge 
radius. Figure 2 can then be considered a plot of relative-total- 
pressure loss against the ratio of the leading-edge radius to the 
normal distanoe between blades at the entrance. At a relative 
Mach number of 1.60, the leading -edge radius may be approximately 
1.5 percent of the normal blade gap with a 1-percent loss of rela- 
tive total pressure. For the supersonic rotor investigated in 
reference 3, the blades could have a leading-edge radius of 
0.007 inch or a thiokness of 0.014 inch with a loss of about 
1 percent, or a 0.030-inoh thickness with an approximate 2-percent 
Iobs in relative total press lire because of the external bcw-wave 
system. 


COKCLODHTG REMARES 

The approximate relative -total -pressure loss due to the 
external bow-wave system caused by blunt edges of an infinite cas- 
cade of supersonic blades, was computed. The losses for any given 
relative Mach number Increase linearly with the leading-edge radius. 
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For a relative Mach number of 1.60, the leading-edge radius may 
be approximately 1.5 percent of the normal blade gap for a 
1-percent loss of relative total pressure. 


Lewis Fli ght Propulsion Laboratory, 

National Advisory Consnittee for Aeronautics, 
Cleveland, Ohio. 
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